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18
In recent decades, subcritical water has been widely employed as a reaction medium 19 and extractant [1] [2] [3] [4] due to its high ion product and low dielectric constant. With these two 20 properties, subcritical water can work as a specific solvent, influencing chemical 21 reactivity, 5) and also as an environmentally friendly acid-base catalyst for hydrolysis and 22 isomerization reactions. [6] [7] [8] [9] Many researchers have focused on the decomposition,
23
hydrolysis and isomerization behavior of saccharides in subcritical water. [10] [11] [12] [13] [14] [15] [16] It has 24 also been reported that glucose-, mannose-, and fructose-type monosaccharides can 25 mutually isomerize through an alkali-catalysis-like pathway in subcritical water.
17,18)
26
When isomerization of glucose, mannose, and fructose was performed in subcritical 27 water, mannose could isomerize to fructose more easily than could other hexoses.
17)
28
However, the yields of fructose from both mannose and glucose were not high.
29
The influence of the addition of alcohols on the decomposition of disaccharides and 30 the isomerization of monosaccharides has been investigated. [19] [20] [21] It was reported that 31 ethanol can markedly accelerate the alkaline metal hydroxide-and disodium 32 pentasilicate-catalyzed isomerization of glucose to fructose, and vice versa, and can 33 change the apparent isomerization equilibrium. 20, 21) In the case of the calcium 34 chloride-catalyzed isomerization of glucose in basic solutions, the reaction reached 35 equilibrium faster in aqueous methanol than in aqueous ethanol. 22) Fructose and 36 mannose were obtained with almost the same selectivity in aqueous methanol, while 37 mannose was produced with a higher selectivity than fructose in aqueous ethanol at 38 65 °C for 10 min.
22)
However, unlike methanol and ethanol, 1-and 2-propanol cannot 39 give these satisfactory results in alkali-catalyzed isomerization of monosaccharides.
40
Our preliminary work showed that subcritical aqueous ethanol could remarkably 41 promote the isomerization of glucose and mannose to fructose and that the 42 isomerizations were accelerated with increasing ethanol concentration. an SRX-310 silicone oil bath (Dow Corning Toray Silicone Co., Ltd., Tokyo, Japan) by 62 using an LC-10AD VP HPLC pump (Shimadzu Corp., Kyoto, Japan). In order to 63 rapidly terminate the reaction, the reactor effluent was directly introduced into a 64 stainless-steel tube (0.8 mmϕ) that was immersed in an ice bath. The temperature and of methanol, or 1-or 2-propanol under subcritical conditions was calculated based on 72 the reported data. [25] [26] [27] However, because the density of t-butyl alcohol under subcritical 73 conditions was not reported, it was assumed to be the same as that of 2-propanol.
74
The number of replication is one because the error was small for the isomerization These facts show that addition of the primary and secondary alcohols will 93 also achieve this conversion. In addition, there was no obvious difference in the 94 promotion ability among the four alcohols.
95
As in subcritical aqueous ethanol, 23) fructose were produced from glucose with high 96 yield and selectivity, while mannose was produced with low yield and selectivity in 97 subcritical aqueous methanol, and 1-and 2-propanol ( Fig. 2) , where the selectivity was 98 defined as the molar ratio of the product to the consumed substrate. The yields of both 99 fructose and mannose were increased by the addition of these alcohols. These facts 100 indicate that the primary and secondary alcohols used can also promote isomerization.
101
The type of alcohol slightly affected the yields of fructose and mannose. This is in 102 contrast to the reported results, which showed that methanol promoted isomerization 103 more efficiently than ethanol in the alkali-catalyzed isomerization of glucose at low 104 temperature, and that 1-and 2-propanol could not promote the isomerization 105 reaction.
20,22)
On the other hand, the addition of t-butyl alcohol suppressed the increased to 80% (v/v), most of the consumed glucose was isomerized to fructose and mannose, and 2-propanol exhibited a better effect than methanol and 1-propanol on the 126 isomerization of glucose to fructose. On the other hand, selectivity for mannose was 127 kept at a low level in the presence of the three alcohols.
Effect of the concentration of methanol, and 1-and 2-propanol on the isomerization
128
The mechanism of the promotion of isomerization in subcritical aqueous alcohols is The concentration of t-butyl alcohol also affected the conversion of glucose (Fig. 4) .
147
However, in contrast to the cases for methanol, ethanol, and 1-and 2-propanol, the 
153
Fructose was also formed from glucose in subcritical aqueous t-butyl alcohol (Fig. 5) .
154
However, the isomerization behavior was different from that in other subcritical 155 aqueous alcohols, as described above: only fructose was detected, and mannose was not 
184
In conclusion, the isomerization of glucose was promoted with increasing alcohol 
